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METHOD FOR DEWATERING OF SLUDGE 
CROSS REFERENCE TO RELATED APPLICATIONS 
~ " This application is a continuation-in-part of application No. 08/721,557, filed on Sep. 26, 

m 1996, now U.S. Pat. No. 5,846,435. 

m BACKGROUND OF THE INVENTION 

15 1. Field of the Invention 

This invention relates to a chemical method for the dewatering of biological sludge using 
polyquatemary amine, aluminum sulfate, ferric chloride and blends thereof as the primary 
component. 

2. Description of the Prior Art 
30 Polymeric quaternary ammonium compounds (also known as ionene polymers and 

polyquats), contain chlorides and bromides as anions, have been used for water clarification. 
Examples of polymeric quaternary ammonium compounds are the di-allyl di-methyl ammonium 



chloride (DADMAC) variety and the epichlorohydrin di-methyl amine (epi-DMA) variety. Further, 
cationic and anionic polyacrylamidees, where the cationic or anionic moiety may result from various 
co-monomers in the polymerization process of polyacrylamidee, have been applied in dewatering 
methods. Traditional polyacrylamidee polymers do not contain polyquatemization from allyl 
chloride or from epi-DMA. Only within the last three years have polyacrylamidees containing 
cationic monomers, based on allyl chlorides, been available. However, the copolymers of allyl 
chlorides with polyacrylamidees produce small and weak floes that are difficult*to handle in 
traditional dewatering applications. In addition, it has been established that these copolymers do not 
compete effectively in the marketplace with traditional cationic polyacrylamidees. Aluminum sulfate 
and ferric chloride are coagulants that have been used for numerous years in water clarification. 
Aluminum sulfate and ferric chloride are known for their ability to produce, at low cost, a clear, low 
turbidity, water product. Normally aluminum sulfate and ferric chloride have been added as 
coaguUants to water for use in water production, in drinking water and by plants in dosages ranging 
from approximate 15 ppm to approximatel 150 ppm. 

Aluminum sulfate and ferric chloride have also been used to pretreat mesophyllic sludge in 
dosages ranging from about 500 ppm to about 2000 ppm. Higher dosages are not normally utilized 
due to expense and mount of a heavy metal being added to the sludge, when taking into 
consideration environmental toxic features of heavy metals. 

Meanwhile, traditional polyacrylamidee polymers used for dewatering have been shown to 
perform very poorly in tests for dewatering of sludge that has been digested by any thermophilic 
digestion process. The goal of dewatering is to convert the sludge to a cake of such dryness that the 
dewatered sludge can be hauled as a solid to a final disposal site at minimal cost. To minimize the 
amount of sludge to be handled and to minimize dewatering and handling costs associated with the 
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wasted sludge, most biological treatment systems waste the sludge to a digester or a digestion 
system. Digestion is a biological process during which the bacteria from the treatment system are 
consumed by other bacteria or by each other. Bacteria are used in activated sludge systems to 
consume biological oxygen demand (BOD), chemical oxygen demand (COD), 
total Kjeldahl nitrogen (TKN), total organic content (TOC) and ammonia from the wastewater, 
thereby making the wastewater fit for discharge into the environment. As the bacteria consume 
waste from the wastewater, the bacterial population grows in a ratio that is directly attributed to the 
constituents consumed by the bacteria from the wastewater. Therefore, the bacteria must be 
"wasted" from the activated sludge system to keep the activated sludge system operating efficiently 
and effectively. Digestion is applied to reduce the sludge volume by the consumption of the wasted 
bacteria from the treatment system by other bacteria or by each other. 

Since the inception of the Clean Water Act of 1974, various cationic and anionic 
polyacrylamidees have been commercially available and effective for the dewatering of biological 
sludge which, using a mesophyllic bacterial method, has undergone aerobic or anaerobic digestion. 
Until now, when mesophyllic bacteria are used, digester systems operate between about 60°F (15 
°C) and about 105°F (40°C). However, the aerobic and anaerobic digestion systems that operate 
between about 60°F (15°C) and about 105°F (40°C) have limited capabilities in the removal of 
pathogens from the biological sludge. These pathogens are detrimental to human and animal health 
and, thus, Federal and State regulations are being enacted to prevent the potential spread of 
pathogens from municipal sludge. Implementation of such regulations leads to costly handling and 
disposal of waste activated sludge. 

Although there are different approaches to controlling pathogens in sewage sludge, each 
method relies on altering the sludge environment so that it becomes a less effective medium of 
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microbial growth. At temperatures of at least about 1 15°F, active bacteria are of the thermophilic 
variety. Aerobic and/or anaerobic thermophilic microorganisms are used to carry out any required 
degradation in a thermophilic, exothermic process. The thermophilic digestion system relies on high 
operating temperatures (greater than about 55°C or 131°F) to achieve a substantial pathogen 

5 destruction. While a fraction of the energy released from the thermophilic process is stored 
intracellularly to form new cells, a larger fraction of the energy is released as heat into the 
environment. The released heat is the major heat source used to achieve the desired operating 
temperature. Experiments have shown that between about 8,500 and 13,000 BTU are released with 

Q the thermophilic digestion of one pound of volatile solids (bacteria). By maintaining a sufficient 
M temperature for a required period of time, pathogenic organisms are reduced to below detectable 

ffl levels. 

^ Despite the disadvantages of mesophyllic bacteria, mesophyllic bacteria are preferable in 

^ relation to the dewatering of digested sludge. Mesophyllic bacteria naturally secrete a 

m polysaccharide which acts as a tackifier providing a chemical mechanism of floe formation. This 

III 

chemical mechanism is an aid to traditional cationic polyacrylamidees to begin the dewatering 
process. However, thermophilic bacteria do not secrete a tackifying polysaccharide. Furthermore, 
thermophilic bacteria' naturally repel each other. This repelling nature of thermophilic bacteria 
makes the dewatering of sludge from the thermophilic digestion process expensive and difficult. 
Municipal wastewater generally contains four major types of human pathogenic organisms: bacteria, 
20 viruses, protozoa and helminths (parasitic worms). The actual species and density contained in the 
raw wastewater will depend on the health of the particular community and/or significant rain water 
runoff from animal sources. The level of pathogens contained in the untreated sludge will depend 
on the flow scheme and treatment type of the wastewater treatment method. For example, since 



pathogens are primarily associated with insoluble solids (non-volatile solids), untreated primary 
sludge has a higher density of pathogens than the incoming wastewater. 

Since pathogens only present a danger to humans and animals through contact, one important 
aspect in land application of sewage sludge is to minimize, if not eliminate, the potential for 
pathogen transport. Minimization of pathogen transport is accomplished through reduction in vector 
attraction. Vectors are any living organisms capable of transmitting a pathogen from one organism 
to another either directly or indirectly by playing a key role in the life cycle of pathogens. Vectors 
that are specifically related to sewage sludge would most likely include birds, rodents and insects. 
The majority of vector attraction substances contained in domestic sewage sludge is in the form of 
volatile solids. If left unstabilized, these volatile substances will degrade, produce odor and attract 
pathogen carrying vectors. Therefore, the thermophilic digestion process achieves vector attraction 
reduction through biological degradation of volatile solids. 

On February 19, 1993, the National Sewage Sludge Use and Disposal Regulation (Chapter 
40 Code of Federal Regulations Part 503, and commonly referred to as the 503 Regulations) was 
published in the Federal Register. In essence, the Regulation establishes several categories in terms 
of stabilization, pathogenic content, beneficial reuse and disposal practices for alUand-applied 
sludge. Different classes of technology, which have been recognized by the U.S. EPA, have been 
established in meeting these categories. National standards that include heavy metal concentration 
limits, pathogenic limits, total hydrocarbon emissions from incinerators and management of sewage 
sludge use and disposal have been implemented in several areas. For a sludge to be liquid land- 
applied with no site restrictions, it must meet the following criteria: heavy metal concentration 
limits, vector attraction reduction, time-temperature fiinction and pathogen testing. Since 
thermophilic digestion is a biological process, it cannot be used to reduce the heavy metal content 



of a waste stream. 

Several patents, that have any relationship v^hatsoever to the present invention, have been 
issued in the past decade. 

In U.S. Patent No. 4,690,971, issued to Flesher et al. on September 1, 1987, a process is 
presented where water absorbing polymers based on acrylic acid are utilized to absorb water from 
a granular solid mass to make the granular solid mass drier and more easily transportable. 

In U.S. Patent No. 5,093,078, issued to HolUs et al. on March 3, 1992, a chemical method 
is presented where polymeric quaternary ammonium compounds are used to inhibit the growth of 
microorganisms in aquatic systems, to disinfect and sanitize surfaces and to disinfect the skin of 
animals, including humans. 

In U.S. Patent No. 5,112,603, issued to Nadolsky et al. on May 12, 1992, compositions 
comprising smectite clays and cationic polymers are claimed. The compositions are useful as 
thickening agents in aqueous systems . 

In U.S. Patent No. 5,366,637, issued to Turunc on November 22, 1994, a method for 
dewatering the refuse ash generated by a municipal solid waste facility is presented where a 
copolymer and a nonionic surfactant selected from the group consisting of primary alcohol 
ethoxylates, secondary alcohol ethoxylates and alkyl phenol ethoxylates are added to the ash. 

In U.S. Patent No. 5,529,700, issued to Kierzkowski et al. on June 25, 1996, a water 
treatment composition is presented comprising a water-dispersible ionene polymer and a water- 
dispersible di-Iower-alkyl ammonium halide polymer and functioning as algistatic or algicidal 
agents when an effective amount of the composition is dispersed in a body of water . 

These registered patents neither take into account dewatering of sludge nor relate to 
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thermophilic digested sludge. 

SUMMARY OF THE INVENTION 
A primary object of the invention is to devise a method for dewatering of sludge. Another 
object of the invention is to devise a method for dewatering of biological sludge that has been 
5 digested by a thermophilic digestion process. 

An additional object of the invention is to devise a method for dewatering of biological 
sludge, that has been digested by a thermophilic digestion process, with polyquatemary amine, 
aluminum sulfate, ferric chloride and blends thereof being used as the primary component. 
□ Yet another object of the invention is to minimize expenses and operating capital that are 

lii needed in a method for dewatering of biological sludge which has been digested by a thermophilic 
ff^ digestion process. 

A final object of this invention is to significantly increase the efficiency of a method for 

z 5 s 

p dewatering of biological sludge that has been digested by a thermophilic digestion process. 

: t» 
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fy Additional objects and advantages of the invention will be set forth in part in a detailed 

y 5 

S description which follows, and in part will be obvious from the description, or may be learned by 
practice of the invention. 

The present invention relates to the dewatering of sludge from biological treatment systems 
of wastewater treatment facilities. Specifically, this invention is directed toward the removal of 
water from sludge that has been digested by a thermophilic digestion process. A chemical method 
20 is presented for the dewatering of blends thereof as the primary component. 

It is to be understood that the descriptions of this invention are exemplary and explanatory, 
but are not restrictive, of the invention. Other objects and advantages of this invention will become 
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apparent from the following specification and from any accompanying charts, tables, examples and 
drawings. 

BRIEF DESCRIPTION OF THE CHARTS, TABLES. 
EXAMPLES AND DRAWINGS 

Any accompanying charts, tables, examples and drawings which are incorporated in and 
constitute a part of this specification, illustrate examples of preferred embodiments of the invention 
and, along with the description, serve to explain the principles of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention is described in connection with one or more preferred embodiments 
.However, it should be understood that the invention is not limited to those embodiments. In 
contrast, the invention includes all alternatives, modifications and equivalents as may be included 
within the spirit and scope of the specification and of the appended claims. 

The present invention provides a method for effectively and efficiently dewatering any 
sludge, with emphasis on dewatering biological sludge from a thermophilic digestion process. The 
method, in addition to being capable of dewatering different types of sludges, can also dewater 
mixtures of different types of sludges. For example, results of tests have shown that the method can 
be applied to dewater a mixture of biological sludge with primary sludge. 

Chemical means may be applied in one of five methods, all of which are a significant 
operational improvement and yield increased operational savings over dewatering methods utilizing 
traditional polyacrylamidees. The primary component in the five sludge dewatering method is a 
polyquatemary amine, preferably of the di-allyl dimethyl amonium chloride (DADMAC) variety 
and from the epichlorohydrin di-methyl amine (epi-DMA) variety. By the first sludge dewatering 
method, the polyquatemary amine is added directly, along with a cationic polyacrylamidee, to the 



biological sludge. By the second sludge dewatering method, the polyquatemary amine and an 
anionic polyacrylamidee are added separately to the biological sludge. By the third sludge 
dewatering method, a quatemized polyacrylamidee, having the polyquatemary amine as part of its 
polymer chain, is produced by copolymerization of acrylamide with monomers of polyquatemary 
amine quatemization and is added individually to the sludge. By the fourth sludge dewatering 
method, the quatemized polyacrylamidee from the third dewatering method is added in concert with 
a cationic polyacrylamidee to the sludge. By the fifth sludge dewatering method, polyquatemary 
amine, aluminum sulfate, ferric chloride and blends thereof are added as the primary component to 
the sludge. 

In some sample tests of the present invention, dewatering polymer(s) are added to the sludge 
from a thermophilic digestion process. However, it should be noted that the results obtained in the 
tests are not necessarily limited to sludge obtained from a thermophilic digestion process. Current 
technologies utilize traditional polyacrylamidee dewatering chemistry that cannot effectively or 
efficiently dewater sludge from the thermophilic digestion process. The best performing traditional 
polyacrylamidee technology utilized at the site of this invention was Nalco 9909, manufactured by 
Nalco Chemical, Inc. Usage of Nalco 9909 results in a dry polymer dosage often near 2,000 ppm 
and usually near 1,700 ppm treating sludge near 4 percent solids. Even at this dosage, plant 
throughput was at 20 percent of rated capacity. 

Upon application of the present invention, plant throughput was increased by 300 percent 
(60 percent of rated capacity) and the dry polymer dosage requirement was reduced to near 850 
ppm. The significant improvements of this invention in sludge dewatering are accomplished by the 
addition of polyquatemary amines to the sludge. Di-allyl di-methyl ammonium chlorides 
(DADMAC) and epichlorohydrin di-methyl amine (epi-DMA) are two preferred polyquatemary 
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amines used in sludge dewatering. Both of these polyquatemary amine moieties have been found 
to provide sites for the dewatering of sludge from the thermophilic digestion process. 
Several polyquatemary amines that are utilized in the present invention follow: 
L a di-allyl di-methyl ammonium chloride polymer, having a specific gravity of 1.02 at 
5 about 77 °F. (25 °C), a solid content of 20.0±1 .0 percent, a freezing point of about IT F(-3 °C) and 
viscosity of 1900±200 cps at 77 '*F.(25 °C), (referred to hereafter as CV 3750, which as other 
chemicals referred to in this application by a mark including the letters "CV", is sold and produced, 
by ClearValue, Inc. under the trademark CV™ that is being registered at the Patent and Trademark 
O Office) ; 

^ 2. a di-allyl di-methyl ammonium chloride polymer, which is comparable to CV 3750 except 

r: for having a viscosity of 400±200 cps at 77 T.(25 °C.), (referred to hereafter as CV 3620); 

iH 3 . a di-allyl di-methyl ammonium chloride polymer, which is comparable to CV 3750 except 

O for, having a viscosity of 2100±400 cps at 77°F.(25X.), (referred to hereafter as CV 3650) ; 

yl 

nJ The higher molecular weight polyquatemary amines demonstrate improved performance. 

H Examples of polymers utilized for epi-DMA are CV 3230 series which have a specific 

gravity of 1. 14 at about 77 °F .(25 ""C), an activity rate of 50±2 percent, a freezing point of about 
20 °F.( -7 °C.) and a viscosity of 4000-9000 cps at 77 °F.(25 °C.). In all tests, the higher molecular 
weight products demonstrated superior performance. 

These polyquatemary amine moieties are added via one of five sludge dewatering methods. 

20 In the chemical methods used in this invention, combinations of polyquatemary amine and 
polyacrylamidees are used for dewatering of the sludge. Each poly quatemary amine chemical 
component used in the chemical method is not large enough to create large enough floes to dewater 



the sludge. The polyquatemary amine components, which create microflocs, are joined in a net and 
are agglomerated by the polyacrylamidees, forming floes for dewatering. Slower mixing and gentler 
agglomeration result in optimal size and strength of the floes. In addition to an increase in size, the 
combinations of the chemical components affect the physical nature of the floes. 

Method one involves the addition of a polyquatemary amine directly to the sludge. Since the 
polyquatemary amine does not contain enough molecular weight for dewatering of the sludge, once 
the microflocs of sludge have formed from the polyquatemary amine, a cationic polyacrylamidee 
is added to form a floe that will dewater well. The ratio of polyquatemary amine to cationic 
polyacrylamidee appears to be near about 1 : 1 where the polyquatemary amine is of high molecular 
weight (e.g. from about 500,000 to about 3,000,000) and where the cationic polyacrylamidee is of 
higher molecular weight (e.g. from about 5,000,000 to about 16,000,000). In a preferred 
embodiment, the ratio of the polymeric quatemary ammonium compound with respect to the 
cationic polyacrylamidee is between about 1: 10 to about 20: 1. In a thermophilic digested sludge 
with a solids component of 4.4 percent, a total polymer dosage requirement of near 950 ppm is 
shown. As the solids component of the sludge increases or decreases, the amount of polyquatemary 
amine and polyacrylamidee increases or decreases proportionately. The polymer concentration to 
solids component ratio (the ratio of the total polymer dosage requirement to the percentage of solids 
component of the sludge) may vary from about 50 ppm: 1 percent to about 300 ppm: 1 percent, 
depending on the sludge type . 

Method two involves the addition of a polyquatemary amine directly to the sludge. Since the 

polyquatemary amine does not contain enough molecular weight for dewatering of the sludge, an 
excess amount of the polyquatemary amine is added so that a noticeable cationic overcharge exists 
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within the microfloc system. This cationic overcharge will exist when the supernatant water is rather 
clear and the size of the microflocs ceases to grow with chemical addition. This requires 
approximately 20 to 30 percent addition increase of the poly quaternary amine as compared to 
method one. An anionic polyacrylamidee is then added for final floe formation. The ratio of 
poly quaternary amine to anionic polyacrylamidee appears to be near 10: 1 where the polyquatemary 
amine is of high molecular weight (e.g. from about 500,000 to about 3,000,000) and where the 
anionic polyacrylamidee is of higher molecular weight (e.g.from about 5,000,000 to about 
15,000,000) and is 40 percent anionic. As in method one, in a preferred embodiment, the ratio of 
the polymeric quaternary ammonium compound with respect to the cationic polyacrylamidee is 
between about 1 : 1 0 to about 20:1. In a thermophilic digested sludge with a solids component of 4.4 
percent, a total polymer dosage requirement of near 950 ppm is shown. As the solids component of 
the sludge increases or decreases, the amount of polyquatemary amine and polyacrylamidee 
increases or decreases proportionately. The polymer concentration to solids component ratio may 
vary from about 50 ppm: 1 percent to about 300 ppm: 1 percent, depending on the sludge type. CV 
6140, as an emulsion copolymer of polyacrylamidee with acrylic acid, is a preferable candidate for 
method two. CV 6140 has a 40% anionic charge density, a specific gravity of 1 .03 at about 77 °F.(25 
*^C.), a freezing point of approximately 32 '^F.(0 °C.), viscosity ranging from about 400 cps to 1200 
cps at about 77 ^F.(25 ^C), an activity rate of about 40% and a flash point of approximately 150 
°F.(65 °C.). 

Method three involves the addition of a quatemized polyacrylamidee where the 30 cationic 
monomer of the polyacrylamidee is derived from a polymeric quaternary ammonium compound. 
Allylic chloride and epichlorohydrin di-methyl amine are preferred sources for the cationic 
monomer. The most preferred embodiment of the quatemized polyacrylamidee used is: 
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a copolymer of polyacrylamidee with a cationic monomer that is quatemized in the 
polyacrylamidee, the copolymer having a specific gravity of 1.2 at about 77 oF (25 OC), a freezing 
point of approximately 23 °F.(-5 ^^C), viscosity of less than 1200 cps at about 40 ''F.(4.4 ^C), an 
activity rate of about 38% and a flash point of about 275^F.(135 °C.), (CV 5380). 

The quatemized polyacrylamidees are added directly to the sludge until floe formation 
develops. In a thermophilic digested sludge with a solids component of 4.4 percent, a total polymer 
dosage requirement of near 850 ppm is shown. As in method one and method two, in a preferred 
embodiment, the polymer concentration: solids ratio of the total polymer dosage requirement in 
relation to the percentage of solids component of the sludge is between about 50 ppm: 1 percent to 
about 300 ppm: 1 percent. As the solids component of the sludge increases or decreases, the amount 
of quatemized polyacrylamidee increases or decreases proportionately. The quatemized 
polyacrylamidee could be used in solution or in dry form. 

Method four involves the addition of the polymer formed in method three in concert with 
a cationic polyacrylamidee. The quatemized polyacrylamidee, having the polymeric quatemary 
ammonium compound as part of its polymer chain, is produced by copolymerization of acrylamide 
with monomers of quatemization of the polymeric quatemary ammonium compound and is added 
to the sludge as a blend with the cationic polyacrylamidee. The cationic polyacrylamidee provides 
a very high molecular weight (e.g. from about 5,000,000 to about 1 6,000,000) to build a large strong 
floe that dewaters well. CV 5120, as an emulsion copolymer of polyacrylamidee with a cationic 
monomer, is a preferable candidate for method 4. CV 5120 has a specific gravity of 1.03 at about 
77 ''F.(25 °C.), a freezing point of approximately 32 °F.(0 °C), viscosity of approximately 1200 cps 
at about 77 °F. (25 °C.), an activity rate of about 40% and a flash point of approximately 
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150°F.(65^C). CV 5120 is a preferred embodiment of cy 5000's, with similar backbone physical 
characteristics. 

Even though method one, method two and method three provide significant improvements, 
the strongest floe in combination with the cleanest supernatant are produced by method four. In a 
thermophilic digested sludge with a solids component of 4.4 percent, a total polymer dosage 
requirement of near 850 ppm was shown. As in method one, the polymer concentrationrsolids ratio 
of the total polymer dosage requirement to the percentage of solids is preferably between about 50 
ppm: 1 percent to about 300 ppm: 1 percent. As the solids component of the sludge increases or 
decreases, the amount of quatemized polyacrylamidee and cationic polyacrylamidee increases or 
decreases proportionately. The polymer ratio may vary from about 1: 10 to about 10: 1, depending 
on the sludge type. The polyacrylamidee blend for dewatering is used as an emulsion or in dry form. 
The individual polymers (i.e. quatemized polyacrylamidee and cationic polyacrylamidee) are in 
solution or in dry form. 

Method four is capable of individually dewatering any type of sludge. It is important to note 
that the capability of dewatering of the blend of quatemized polyacrylamidee and cationic 
polyacrylamidee is not limited to biological sludges that have been digested by a thermophilic 
digestion process. The blend of quatemized polyacrylamidee with cationic polyacrylamidee could 
dewater various types of sludges from numerous sources and any combinations of the sludges. For 
example, a blend of a biological sludge with primary sludge could be dewatered by method four. 

Method five involves the addition of polymeric quaternary ammonium compounds, 
aluminum sulfate, ferric chloride and blends thereof, as the primary component to the biological 
sludge. Polyacrylamidee is then added to the biological sludge such that the primary component and 
the polyacrylamidees combine to enhance dewatering of the sludge. 
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In method five as well, the polymeric quaternary ammonium compounds are from 
DADMAC family or from epi-DMA family. In a preferred embodiment, the polymeric quaternary 
ammonium compound, aluminum sulfate, ferric chloride and blends thereof are added directly to 
the sludge and, upon formation of microflocs of the sludge from the polymeric quaternary 
ammonium compound, aluminum sulfate, ferric chloride and blends thereof, a cationic 
polyacrylamidee is added to form a floe that dewaters the sludge. Preferably, ratios of the 
polymeric quaternary ammonium compounds with respect to aluminum sulfate range from about 
1:16 to about 1:2 by weight. Ratios of the polymeric quaternary ammonium compounds with 
respect to ferric chloride range from about 1:8 to about 1:10 by weight. Ratios of the 
polyacrylamidee with respect to aluminum sulfate range from about 1:80 to about 1:8 by weight. 
Ratios of the polyacrylamidee with respect to ferric chloride range from about 1:70 to about 1:7. 

Method five also involves a polymer concentration to solids ratio of total pol--mer 5 dosage 
requirement in relationship to percentage of solids component of the sludge of between about 50 
ppm: 1 percent and about 300 ppm: 1 percent. The polymeric are added directl-- to the sludge, in an 
amount sufficient to cause formation of a cationic overcharge within a developed microfloc system, 
and an anionic polyacrylamidee is then added for final floe formation. In a preferred embodiment, 
the polymeric quaternary ammonium compound and the anionic polyacrylamidee are in an 
approximately 1 :8 to 20: 1 ratio. In a preferred embodiment, polymer concentration to solids ratio 
of total polymer dosage requirement in relationship to percentage of solids component of the sludge 
is between approximately 50 ppm: 1 percent and approximately 5000 ppm: 1 percent. 

Method five can also be used to treat a mixture of biological sludge with primary sludge. 
In addition, the polymeric quaternary ammonium compounds, aluminum sulfate, ferric chloride and 
blends thereof, as well as polyacrylamidee, can be used in solution, in emulsion or in dry form. 
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EXAMPLE 1 

A bench test was performed utilizing an electrical variable speed beaker stir system, 
commonly referred to as ajar test. 2000 ppm of CV 3750 (20% active) were added to 500 ml of 
sludge from the thermophilic digestion system. The percentage of solids in the sludge was about 4.4 
percent. The beaker was allowed to stir at 120 rpm for 30 seconds. At 30 seconds, the rpm was 
reduced to 90 and 1 500 ppm of CV 5 120 in a 0.25 percent solution were added to the beaker. After 
15 seconds, the stir speed was slowed to 30 rpm and mixed for another 30 seconds. Large, heavy 
floe (e.g. with a diameter of at least about 4 nun) was formed with a somewhat cloudy supernatant. 

EXAMPLE 2 

Ajar test was performed utilizing an electrical variable speed beaker stir system, 3000 ppm 
of CV 3650 (20% active) were added to 500 ml of sludge from the thermophilic digestion system. 
The percentage of solids in the sludge was about 4.4 percent. The beaker was allowed to stir at 120 
rpm for 30 seconds. At 30 seconds, the rpm was reduced to 90 and 250 ppm of CV 6140 in a 0.25 
percent solution were added to the beaker. After 15 seconds, the stir speed was slowed to 30 rpm 
and mixed for another 30 seconds. Large, heavy floe (e.g. with a diameter of at least about 4 mm) 
was formed with a very clear supernatant. 

EXAMPLE 3 

Ajar test was performed utilizing an electrical variable speed beaker stir system. 1400 ppm 
of CV 3230 (epi-DMA with a high molecular weight, e.g. over 300,000, and 50% active) were added 
to 500 ml of sludge from the thermophilic digestion system. The percentage of solids in the sludge 
was about 4,4 percent. The beaker was allowed to stir at 120 rpm for 30 seconds. At 30 seconds, the 
rpm was reduced to 90 and 250 ppm of CV 6140 in a 0.25 percent solution were added to the beaker. 
After 15 seconds, the stir speed was slowed to 30 rpm and mixed for another 30 seconds. Large, 
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heavy floe (e.g. with a diameter of at least about 4 mm) was foraied with a very clear supematant. 



Ajar test was performed utilizing an electrical variable speed beaker stir system. 850 ppm 
of CV 5380 (Polyacrylamidee with a DADMAC cationic co-monomer) were added to about 500 ml 
of sludge from the thermophilic digestion system. The percentage of solids in the sludge was about 
4.4 percent. The beaker was allowed to stir at 90 rpm for 15 seconds. At 15 seconds, the rpm was 
reduced to 30. The system was mixed for another 30 seconds. Small floe (e.g. with a diameter under 
about 3 mm) was formed with a very clear supematant. 



A bench test was performed utilizing a glass jar to mix the polymer with the sludge. 350 5 
ppm of ClearYalue CY 5380 (polyacrylamidee with a DADMAC cationic co-monomer) along with 
450 ppm of ClearYalue CY 5 120 (traditional polyacrylamidee with a medium charge density) were 
added to about 100 ml of sludge from the thermophilic digestion system. The percentage of solids 
in the sludge was about 4.7 percent. The jar was gently shook for approximately '30 seconds. At 30 
seconds, the results were observed. Large, strong floe (e.g. with a diameter of at least about 4 mm) 
was formed with a very clear supematant. 

Example 5 was repeated with varying cationic charge densities from the traditional 
polyacrylamidee polymers. The best results were obtained with CY 5120. 



A plant test was performed on 9/1 0/96 at the municipal wastewater treatment facility for the 
City of College Station Texas. This facility has a thermophilic digestion system as designed by 
Kruger, Inc. The average temperature of the digester is usually near 149 of (65 ""C). Dewatering is 
accomplished on a Sharpels Polymixer 75000 centrifuge. Polymer inversion is accomplished on a 
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Polymixer 500 which is designed for a dry polymer. Normal plant operation requires 1500 to 2000 
ppm of Nalco 9909 obtaining variable sludge cake dryness, a final centrate that is usually much over 
200 ppm of total suspended solid (TSS) and a plant throughput of 10 to 15 gpm sludge. 

The centrifuge v^as started up on CY 5380 having a polymer concentration of 800 25 ppm 
5 and a plant throughput of 30 gpm. The sludge produced was low on cake solids obtaining an average 
near 12 percent. The centrate was 100 to 200 TSS with nearly all of the total suspended solid from 
small floe (e.g. of a diameter of less than about 1 mm) that survived the centrifuge. Even though this 
was an operational improvement, the floe produced was weak for the type of treatment incurred 
Q within the centrifuge . 

m EXAMPLE 7 

: 3 3 

ffl A plant test was performed on 9/1 0/96 at the municipal wastewater treatment facility for the 

^ City of College Station Texas. This facility has a thermophilic digestion system as designed by 
L Kruger, Inc. The average temperature of the digester is usually near 65°C. Dewatering is 
nj accomplished on a Sharpels Polymixer 75000 centrifuge. Polymer inversion is accomplished on a 
Q Polymixer 500 which is designed for a dry polymer . Normal plant operation requires 1 500 to 2000 

ppm of Nalco 9909 obtaining variable sludge cake dryness, a final centrate that is usually much over 

200 ppm of total suspended solid and a plant throughput of 10 to 15 gpm sludge. 

The centrifuge was started up on CY 5380 and Nalco 9909 with the CY 5380 having a 

polymer concentration of 400 ppm and the Nalco 9909 having a concentration of 450 ppm. The 
20 centrifuge was run between 45 and 55 gpm of sludge throughput. The produced sludge was over 1 8 

percent cake solids. The centrate was less than 50 TSS. 

EXAMPLE 8 
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A plant test was performed on Sep. 10, 1996 at the municipal wastewater treatment facility 
for the City of Texarkana. Texas. This facility operates a traditional anaerobic digestion process. 
However, during the last six months of 1997, the digestion temperature was slowly increased to 
120°F. Once the digestion temperature of 120 was obtained, the fecal count dropped to zero on 
5 the digested sludge. 

Dewatering is accomplished on 4 two-meter Ashbrook-Simon-Hartley belt filter presses. 
The belt presses were started up on CY 5240H and CY 3650 at varying concentrations. The most 
economical dewatering sludge was made with a 60:40 blend of CV5140H with CV 3650, 

Q respectively. This operation reduced plant operating costs by approximately 20%, obtaining in 

sD 

M excess of 24% sludge cake solids. Other polyacrylamidees are unable to even obtain 1 8% cake soHds 

p at any dosage. 

€ EXAMPLE 9 

Ajar test was performed utilizing a 1 gallon plastic container. Sludge was obtained from the 

TSS=r 

In 

f j thermophillic process at College Station, Tex. In this test, aluminum sulfate, ferric chloride and 

• 

O blends of aluminum sulfate and ferric chloride were evaluated with CY 3650 in combination with 
CY5135D. 



48% Aluminum Supernatant Floe 
CY3650 Sulfate 40%FeCI CY5135D Perfonnance Performance 
20 
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EXAMPLE 10 

Ajar test was performed with sludge from the thennophillic digestion process at Gulf Coast 
Waste Disposal Authorit- in Ba-town. Texas. In this test. 30 ppm to 50 ppm of CY 3650 in 
combination with CY 5 1 1 0, CY 5 120, CY 5 140, CY 5 160 or CY.5 1 80 at a concentration of 55 ppm 
to 100 ppm formed a good strong floe with a clear supernatant. Any and all polyacrylamidees tried 
alone required in excess of 350 ppm to dewater . 

EXAMPLE 11 

Jar tests and plant production tests were performed on the thickener and belt press at Stroh*s, 
in Longview, Texas. 

The jar tests revealed that thickening is best accomplished with a 60:40 dosage blend of CY 
3650 and CY 5250, respectively. This combination provides a performance improvement of 
approximately 35 percent over performance results of the polyacrylamidee currently used. 

The jar test revealed that de watering is best accomplished by a 25:75 blend of CV 3650 and 
CV 5250, respectively. Application of a 25:75 blend of CV 3650 and CV 5250 results in an 
approximately 25 to 100 percent saving over the polyacrylamidee currently used. The reason for 
the variations is that Stroh's realizes seasonal variations in biology of its sludge. Stroh's does not 
apply thermophiles for digesting sludge. 
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EXAMPLE 12 

Jar tests and plant production tests were performed on a thickener at the wastewater 
treatment facility at Sioux City, Ind. 

Jar tests and plant production tests applied over a 6-month period revealed that a 60:40 blend 
of CV 5 140 with CV 5400 (CV 5460.40), respectively, caused a thickening of the wasted secondary 
sludge at a 25 to 30 ppm concentration. 

Current production at this facility requires 20 ppm to 25 ppm of a dry polyacrylamidee. Due 
to the cost differences between the emulsion blend of CV 5460.40 and that of a dry 
polyacrylamidees, applications of the emulsion blend of C V 5460.40 yields 1 0 percent to 20 percent 
savings. 

Further, the emulsion blend is 40% active in a 60% mineral oil suspension, while more than 
95% of the dry polyacrylamidees consists of polyacrylamidee. Such dosage differences demonstrate 
the efficiency of this technology. 

Certain objects are set forth above and made apparent from the foregoing description and 
examples. However, since certain changes may be made in the above description and examples 
without departing from the scope of the invention, it is intended that all matters contained in the 
foregoing description and examples shall be interpreted as illustrative only of the principles of the 
invention and not in a limiting sense. With respect to the above description and examples then, it 
is to be realized that any descriptions and examples deemed readily apparent and obvious to one 
skilled in the art and all equivalent relationships to those stated in the examples and described in the 
specification are intended to be encompassed by the present invention. 

Further, since numerous modifications and changes will readily occur to those skilled in the 
art, it is not desired to limit the invention to the exact construction and operation shown and 
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described, and accordingly, all suitable modifications and equivalents may be resorted to, falling 
within the scope of the invention. It is also to be understood that the following claims are intended 
to cover all of the generic and specific features of the invention herein described, and all statements 
of the scope of the invention which, as a matter of language, might be said to fall in between. 



